This paper presents an experiment on the modeling, analysis, prediction and optimization of machining parameters used during the turning process of the low-carbon steel known as ST40. The parameters used to develop the model are the cutting speed, the feed rate, and the depth of the cut. The experiments were carried out under various conditions, with three level of parameters and two different treatments for each level (with and without a lubricant), to determine the effects of the parameters on the surface roughness and electric current consumption. These effects were investigated using response surface methodology (RSM). A second-order model is used to predict the values of the surface roughness and the electric current consumption from the results of experiments which collected preliminary data. The results of the experiment and the predictions of the surface roughness and electric current consumption under both treatments were found to be nearly identical. This result shows that the feed rate is the main factor that influences the surface roughness and electric current consumption.
Introduction
Turning is one of machining processes which are very important and widely used in the industry.
Parameters on turning process are cutting speed, feed rate and depth of cut. Surface roughness is a widely used index of product quality and in most cases a technical requirement for mechanical products [2] . Very few research attempts have been
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done to estimate the significance of energy required for the machining process. Recent increase in energy demand and constraints in supply of energy becomes a priority for the manufacturing industry [1] .
RSM is a collection of statistical and mathematical methods that are useful for modeling and analyzing engineering problems. In this technique, the main objective is to optimize the response surface that is influenced by various process parameters. RSM also quantifies the relationship between the controllable input parameters and the obtained response surfaces [11] .
Bhattacharya at al. [3] have evaluated the contribution of cutting parameters (cutting speed, feed rate and depth of cut) during high speed machining on the workpiece surface finish and corresponding machine power consumption using Taguchi's orthogonal array design and analysis of variance(ANOVA).
According to Makadia and Nanavati [10] , the feed rate is the main factor followed by tool nose radius which influences the surface roughness. The surface roughness was found to be increased with the increase in the feed rate and it is decreased with increase in the tool nose radius. An empirical model has been created by Ezilarasan at al. [5] for predicting the cutting force, flank wear and surface roughness through response surface methodology. The feed rate was found to influence the cutting force and surface roughness more significantly than the cutting speed and depth of cut. Kaynak [9] presents the experimental results of cryogenic machining of inconel 718, a high-temperature aerospace alloy, and comparison of its performance in dry and minimum quantity lubrication machining. Table 3 Results of analysis of variance for surface roughness with lubricant The experimental results were used to develop the mathematical models using RSM to determine the relationship between the surface roughness and machining parameters with lubricant. Substituting the values in Eq. (2), the following equation is obtained.
ANOVA was applied to study the effect of input parameters on the surface roughness with lubricant. Table 3 shows that the feed rate is significant factor on the surface roughness (p value = 0.047 or less than 0.05) followed by cutting speed and depth of cut.
The experimental results were used to develop the mathematical models using RSM to determine the relationship between the electric current consumption with lubricant(WL_CC) and machining parameters. Substituting the values in Eq. (2), the following equation is obtained. Table 5 Results of analysis of variance for surface roughness without lubricant ANOVA was applied to study the effect of the input parameters on the electric current consumption. Table 4 shows that there are no significant factors because all the p value is greater than 0.05.
However, factors that affect the electric current consumption are depth of cut followed by feed rate and cutting speed.
The experimental results were used to develop the mathematical models using RSM to determine the relationship between the surface roughness without lubricant(NL_SR) and machining parameters.
Substituting the values in Eq. (2), the following equation is obtained.
ANOVA was applied to study the effect of the input parameters on the surface roughness. Table 5 shows that only feed rate has significant factor on the surface roughness without lubricant (p value = 0.028 or less than 0.05) followed by depth of cut and cutting speed.
The experimental results were used to develop the mathematical models using RSM to determine the relationship between the electric current consumption and machining parameters without lubricant.
Substituting the values in Eq. (2), the second order response surface representing the electric current consumption without lubricant (NL_CC) is given in the following equation.
ANOVA was applied to study the effect of the input parameters on the electric current consumption without lubricant. Table 6 shows that there are no significant factors. Table 6 Results of analysis of variance for electric current consumption without lubricant Fig. 4 Comparison of the results of experiment and prediction for surface roughness with lubricant
Results and discussion
Effect of machining parameters on the surface roughness and electric current consumption under various conditions, three levels of parameters and two different treatments for each level were analyzed using surface response method. The three-dimensional surface plots were generated considering two parameters at a time, while keeping the third parameter at the values of middle level in Table 1 . 
Effect of the machining parameters on the surface roughness with lubricant
Figs. 8a-c shows the 3D surface graph for surface roughness by varying cutting parameters. It can be observed from Fig. 8a that the surface roughness was found to increase with increase in feed rate and depth of cut, keeping or holding the cutting speed at the middle level. Surface roughness will be highest when the levels of the feed rate and the depth of cut are high, but when the feed rate is at low level and the depth of cut is increased, the surface roughness will not increase. From Fig. 8b , surface roughness will sharply increase with the increase of feed rate, and the surface roughness will be highest when the level of cutting speed is low and the level of feed rate is high, keeping or holding the depth of cut at the middle level. Fig.   8c shows that the increase of cutting speed sharply decrease the surface roughness. The depth of cut will take effect for all level of cutting speed.
The main effects plot for surface roughness is shown in Fig. 9 . The figure shows that feed rate has highest effect in reducing surface roughness. 
Effect of the machining parameters on the electric current consumption with lubricant
Figs. 11a-c shows the 3D surface graph for electric current consumption by varying cutting parameters. Fig.11a shows that when the feed rate is low, the electric current consumption is low, but it will increase sharply when feed rate is at low level and level of depth of cut increases. From consumption. This can be seen also in Table 4 . Fig.   13 shows the interaction of all factors to electric current consumption. The interaction of each factor has little influence on the response variable.
Effect of the machining parameters on the surface roughness without lubricant
Figs.14a-c shows the 3D surface graph for surface roughness by varying cutting parameters. In Fig.   14a , the surface roughness will sharply increase with the increase of feed rate while keeping or holding the cutting speed at the middle level. Surface roughness will be highest when the level of feed rate is high. Depth of cut has little influence on this combination both when feed rate is at a low level and a high level. From Fig. 14b , surface roughness will sharply increases with the increase of feed rate and highest when the level of cutting speed is low and level of feed rate is high, keeping or holding the depth of cut at the middle level. Surface roughness will increase too when cutting speed is at a high level although not the same as cutting speed is at a low level, keeping depth of cut at middle level. Fig. 14c shows that the increase of cutting speed decreases the surface roughness. The depth of cut will affect to the surface roughness when cutting speed is at a high level and the level of depth of cut is increased. In other words, the surface roughness will be low when cutting speed is at a high level but the depth of cut is at a low level. The main effects plot for surface roughness is shown in Fig. 15 . Feed rate is a factor that highly affects the surface roughness followed by cutting speed. Depth of cut have no influence on surface roughness. Fig. 16 shows that the interaction of 
Effect of the machining parameters on
the electric current consumption without lubricant.
When the feed rate is high, the electric current consumption is sensitive to depth of cut, as depicted in Fig. 17a . The electric current consumption is increased sharply when the feed rate is at a high level and depth of cut is increased. Fig. 17b shows that the electric current consumption is low when cutting speed is at low level. When cutting speed is increased to the middle level, electric current consumption is also increased, at this level, when the depth of cut is increased the electric current consumption also is increased, however electric current consumption is reduced when cutting speed is at the high level. Fig. 17c shows that when cutting speed is at low level, the electric current consumption is also low, although the feed rate is increased. When the cutting speed is increased to the middle level, electric current consumption is also increased, at this level if the feed rate is increased, electric current consumption is also increased. The main effect plot for electric current consumption without lubricant is shown on Fig. 18 .
From the figure it is seen that the factors have no significant influence on electric current consumption.
This also can be seen in Table 6 (ANOVA). Fig.   18 shows the interaction of all factors to electric current consumption. The interaction of each factor has little influence on the response variable.
Optimization
The goals set and the limits for optimization for surface roughness and electric current consumption with lubricant are shown in Table 7 . The goal used for both responses (surface roughness and electric current consumption with lubricant) is to minimize.
The three factors such as cutting speed, feed rate and depth of cut must be between the minimum and maximum levels. Best solutions were obtained by using the desirability based approach in RSM.
The best solution for both responses can be seen in Table 8 .
The goals set and the limits for optimization for surface roughness and electric current consumption without lubricant are shown in Table 10 Best global solutions for optimization (without lubricant) minimum and maximum levels. The best solutions obtained for both responses can be seen in Table   10 .
Conclusion
In 
